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{ Problem 7.81 -  High-Temperature Gas Reator (HTGR) }
 
{Part (a) Find the rate of heat removal from a single pellet}
V =20 {m/s}
T_inf = 500 {K}
Do = 0.012 {m}
Di = 0.010 {m}
Tso = 1300 {K}
kg = 2 {graphite W/mK}
ku = 2 {uranium W/mK}
{q_dot = 1.5e8}
 
mu = viscosity(helium, T=T_inf, P=101.3)
rho = density(helium, T=T_inf, P=101.3)
{mu_s = viscosity(helium, T=1000, P=101.3)}
mu_s = 592e-7
Pr = prandtl(helium, T=T_inf,P=101.3)
kf = conductivity(helium, T=T_inf, P=101.3)
 
ReD = rho*Do*V/mu
 
NuD = 2 + (0.4*ReD^(1/2) + 0.06*ReD^(2/3))*(Pr^0.4)*(mu/mu_s)^(1/4)
 
NuD = h*Do/kf
 
q = h * pi*Do^2 * (Tso - T_inf)
 
{Part (b) Use the q_total to find the rate of volumetric heat generation}
q = q_dot * 4/3 *pi *(Di/2)^3
 
{Part (b) Calculate Tsi using the Conduction Resistance across the Graphite}
Rcond = 1/(4*pi*kg)*(2/Di - 2/Do)
q= (Tsi - Tso)/Rcond
 
{Part (c) Find an expression for T(r) - See Attached Sheet}
 
To = Tsi + q_dot/(6*ku)*(Di/2)^2
 
{Part (d) Determine Tsi, Tso and To as a function of Velocity and q_dot}

SOLUTION
Unit Settings: [kJ]/[K]/[kPa]/[kg]/[degrees]
Di  = 0.01 
Do = 0.012 
h  = 255.6 
kf  = 0.2214 [W/m-K]
kg  = 2 
ku  = 2 
µ  = 0.00002844 [kg/m-s]
µs  = 0.0000592 
NuD  = 13.86 
Pr  = 0.6672 
q  = 92.5 
q  = 1.767E+08 
Rcond  = 1.326 
ReD  = 822.8 
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ρ  = 0.09751 [kg/m3]
To  = 1791 
Tsi  = 1423 
Tso = 1300 
Tinf  = 500 
V  = 20 

Parametric Table: Table 1
V To Tsi Tso

Run 1 5 2164 1852 1748 
Run 2 6.667 2026 1713 1609 
Run 3 8.333 1926 1613 1509 
Run 4 10 1849 1536 1432 
Run 5 11.67 1787 1475 1371 
Run 6 13.33 1736 1424 1320 
Run 7 15 1693 1381 1277 
Run 8 16.67 1657 1344 1240 
Run 9 18.33 1624 1312 1208 
Run 10 20 1596 1283 1179 
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